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Thus, his Imdel, based upon the resting potential of the axon,

did not correspond to reaU ty, at least not to the reaU ty of

the nervous systems of man, monkey, cat, or frog.

Another fault was his assumption that we have a good under­
standing of nervous systell function. Our understanding then,

and even now, of how information is coded, transferred, and

stored in the nervous system is negligible. We have, at best,

only multiple hypotheses. None of these have much support, nor

are generally accepted as truth. Thus, a conclusion such as

Schwan's, based upon calculations using assumptions about infor­

mation coding, transfer, and storage in the nervous system is

hardly acceptable.

I also showed that by simply changing one of his model

assumptions to a more realistic one, and then doing his calcula­

tions leads to the conclusion tha t the nervous sys tem would have

to be affected by RF radiation.

I went on in the paper to discuss some of the possible

mechanisms for electromagnetic-field effects considering only

the electrophysiology of the nervous system. I noted that

Valentinuzzi (39) used a mathematical approach to explore the

possibility that magnetic fields affect the nervous system. lie

used equations to evaluate the effects of magnetomotive force on

ions, magnetic induction of electrical fields, and magnetic

changes of inductance. The equations indicated that the effect

of a static magnetic field upon an axon would be almost

undetectable. But he recognized that living organisms are

composed of more than a single axon. Thus, he extended his

equations to consider the nervous system functioning as a

whole. The results of this extension led him to suggest that an

appropriate magnetic field may influence the activity of the

nervous system. And these kinds of effects are now being

observed (32).

I also discussed the analyses and hypothes is of NacGregor

(40). I noted that he started with a reasonably realistic model

of a functioning nervous system. Using it, he mathematically

explored the idea that the electrical component of RF radiation

might induce transmembrane potentials In nerve cells and thereby

disturb neural function and behavior. He considered steady and

modulated RF fields and estimated through a series of equations

the transmembrane currents and' potentials that could be

expec ted. He concluded that the intracranial electric fields

associated with low-intenslty RF radiation "II8Y induce trans.e...

brane potentials of tenths of millivolts (or more) and that,

therefore, such externally applied fields may disturb nonal

nervous func tion through this 11l8chanlsm." Ills analyses indica t­

ed that the induced transmembrane po tential would exhibit a

maximum at frequencies in the UHF band. Further, he found that

large cell componen ts in regions of high cell densi ty should be

most influenced by extracellularly applied fields. Recent

(41-43) and older (11) experiments ind ica te the usefulness of

this line of thought.

I also pointed out S011l8 of the more recent conceptualiza­

tions of nervous-system functioning, and suggested how they

could guide research to determine the biological interactlons of

low-intens! ty RF radiation. I noted that Szeat-Gyorgyl (44)

showed that moleculea with low reactivity and with a ...jor role

as 11l8tabolites or hormones can give off an electron and fora a

free radical. This sugges ted to him that charge transfer .ight

be one of the mos t common and funda.ental biological reaction••

On the basis of his experimental results, he proposed a quantu.

mechanical view of biology that had relevance to the 11l8chanlsllls

of RF radiation effects (45).

I wrote tha t a variant of Szent-Gyorgyi's vlew, a view

specific to the nervous system, had been detailed by Wei

(46-48). He sugp,estecl that the neuron has the structure and

potential profile of a PNP transistor and may function 11ke it.

In part, \Jei \Ised as eviclence for the accuracy of his model the

discovery by Segal (49) of negative fixed surface charge on

membranes, the bi refringence phenomenon observed by Cohen e t

a1. (50), and the report of micron wavelength emission from

nerve by Fraser and Frey (10). \Jei also suggested that what are

considered to be transm i tter chemicals in the cen tral nervous

system (e.g., acetylcholine) are electrical dipoles which when

oriented and arranged in a large array could produce an electric

field strong enough to drive positive ions over the junction

barr ier of the pos tsynaptic membrane. I no ted tha t this

hypothesis could provide an explanation for cleft size at
synapses, synaptic delay, subthreshold integrations, facilita­

tion with repetition, and the effects of calcium and magnesium.

There was another line of thinking related to Vei's hypotheses

----.i.- IIIIIlIIiIiIiI _
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that I described. Becker (51) had carried out an extensive

series of experillents exploril18 what he considered to be a

neural selliconduction control system 10 various living organ­

isms. On the bas is of the da ta he had ga thered, he sugges ted as

a conceptual framework the !IOV8llC!nt of !IObile charge carriers
wi thin a solid-sta te neural system.

I also detailed how Cope (52), using nuclear magnetic

resonance spectroscopy, reported that the water in brain tissue

is bound in a highly ordered structure that can best be describ­

ed as crystalline. Also mentioned was the Fritz and Swift (53)

study of the high-resolution proton magnetic resonance spectrum

of the sciatic nerve of the frog ~hile active and resting.

I also pointed out that new concepts on the nature of

neural function relevant to RF radiation effects have also come

from Batteau (54) as a result of his study of the mechanisms of

hearing. He suggested that sensation in the organism was due to

the shifting of the probability of transition of electrons from

the excited state to the ground state in organic molecules. He

obtained data that he interpreted to indicate a transition

energy gap of about 0.35 eV, corresponding to a 3 micron wave­
11'nl": th signal.

I went on to detail a number of other concepts and data

that could have been used as a guide for research wi th RF radia­

tion. 1 brough t ou t the poss i bili ty of wha t could be ca lIed

mierothermal effects involving localized temperature gradients.

I pointed out that some of my calculations indicated that this

was a real possibility. Recent research In,Hcfltes that such
effects exist and are significant (55,5(,),

My conclusions In that paper were that if we break out of

the thermoregulatory mind set, use realistic assumptions in our

conceptuali za tions, and recognize tha t our knowledge of how the

nervous system codes, transfers, and stores information is

almost nil, a number of possible mechanisms through which RF

radiation could affect higher organisms were apparent (2). The

question, I said, is not whether there is a possible mechanism,

but rather which of numerous possible mechanisms to use as a

guide for experimentation. I also noted the seemingly forgotten

possibility that more than one mechanism can be involved in RF
radia tion effects.

EXPERIMENTAL STUDIES

The above paper on possible biological mediators or mechan­

isms was published in January, 1971 (2). By that time, I had

la id a founda tion of da ta on 10101- i n tens i ty RF rad ia tion bio­

effects as I had intended to do. ~Iy thinking on possible

biological media tors had jelled, and, as can be seen in the

foregoing, I could spell out a number of these possible medi­

ators as guides for research. Interest was rising in the area

and funds were becoming available for other scientists to begin

experimen ts which could provide da ta tha t would support a ques t

for biological mediators. Thus, in 1971 I moved on to such a

ques t. I an tic ipa ted find ing mul tiple mechanisms and the ques t

was formulated with that expectation in mind. This led to my

pursuing multiple interacting lines of biological research with

RF radia tion.

It appeared to me that the nervous system and its function

would be one of the sys tems mos t sens i tive to RF rad ia tion.

Thus, my quest for biological mediators in the 1970's was heavi­

ly weighted to experiments involving nervous system function.

One 11ne 1 pursued was to look at a known electrosensing

system in action to develop an understanding of how that system

worked. Thus, 1 undertook experimentation on weakly electric

fish. Ano ther line was to iden tHy the ] ocus of the mechanism

of the RF hea r inr, phenomenon. Al though 1 had found tha tone

coull"! induce skull vibration with very high power pulses, the

data ",lth very ]')w-Intenslty energy sur,p,ested that the hearing

effect ",:IS occurring In the cochlea. A thirl"! ] ine stemmed from

my expectation that brain chemistry would be involved in RF

radiation effects. After consIdering data from the pharmacolo­

gical literature, 1 developed the hypothesis that the dopamine

systems of the brain could be influenced by exposure to this

radia tion. This led me to do a line of neuropharmacological

experiments which, subsequently, led to a broadening of the

hypothesis to include the opia te systems of the brain. The

fourth line of experiments involved selectively permeable

membrane function. I hypothesized that RF radia tion exposure

would disturb biological membranes, and this was explored in a

series of studies involving the blood-brain barrier of the brain

and the blood-vi treous barrier of the eye. This also led, in

part, to my experiments with RF radiation and the placental
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barrier and also to experiments exploring developllental effects.

DuriDi this decade, I also carried out experiments that do
not fall into the broad ca tegorles above. So.. I did to clarify

an a8pect of my theoriziDi as it evolved, or I did an experiment
to explore aD idea. An example of the former are the additional

experiments I did with the heart. An example of the latter is

an experiment I did to explore the possibUity of affecting the

treatment of leukemia by modifying the blood-brain barrier with

RF rad ia tion to influence the pa ssage of me tho trexa te. Chang
and her associates have pursued this possibUlty In a somewhat

different way (57,58). They have found an interaction between
RF radiation exposure and methotrexate effect.

Of the four primary lines of research tha t I pursued, the

first was to determine how a natural electrosensing system
worked. There exists a number of weakly electric fish that

generate a field and gather information about their environment
apparently by analysis of perturbations in their field. Fiy

analysis of the literature and the experimental work I did with

electric fields, sensors, and objects in various sized bodies of

wa ter led to the development of a ma thema tical model of the

fishes' electrosensing system. This allowed me to interpret

much of the da ta tha t had been previously published on the

sensory system of the fish. I sugges ted a working hypothesis

for an electrosensor mechanism. I showed the linkage among the

various neural cod ing schemes tha t had been sugges ted for the
fish and showed their essential identity (~9).

RF HEARING

The earlier RF hearing research led to an extensive series
of experiments by others, as well as several more by me. Hos t

of the former were siJppor ted by DoD agencies concerned wi th
hazards of RF radia tion. The inves tiga tors controlling the

work, such as Guy and Lin, were not biologists. Consequently,

the work was hazards oriented. There was also inappropriate

mathematical modelling and some biological experiments that had

an unrecognized confounding variable. In papers published in

1979 and 1980 (60,61), I identified the confounding factor and

noted the fault in the assumptions underlying their conclusions

from the modelling. Besides the research leading to the paper

on the confounding variable noted above, I carried out

psychophysical experiments exploring modulation effects (62). I

a180 explored the use of the periodicity pitch phenomenon

(63,64). The results of these indicated that the locus of the

effect is in the cochlea.
During this time and subsequently, RF hearing research was

also done in the Soviet Union (65), and in other laboratories in

the United States (66-73). Most notable was the experimentation

of Wilson and Joines (55), which showed that at low power

densi ties the locus of the mechanism of the hearing effec t is in

the cochlea. Thus, the efforts by multiple laboratories, using

a variety of techniques, showed that the mechanism of the hear­

i ng of low-in tens! ty RF radia tion occurs in the cochlea. This

finding opened up the possiblli ty of new techniques for studies

of ordinary hearing, and offered a new approach to understanding

how hearing takes place.

The results of the experiments on the RF hearing mechanism.

also clearly indicate that questions can be raised about whether

RF radiation affects the labyrinthine system and implies a

possible effect on the balance mechanism. I carried out an

experiment to assess this possibl1ity. I exposed animals on a

rotating rod and determined how quickly they fell off. I found

that they fell off more quickly when exposed to the radiation

(74,75). But there is a confounding factor which will be noted

later.

One other lIne of study that derived In p:Jrt from the RF

heilrinp, work has significant medical implications. The pattern
of cUnical reports from the Soviet !Jnion, ilS \o/el1 as some

observations by me and others in th!s country, sugr,e'lt that a

sr.lall percentage of people may incur t./hat is called closed head
injury as a result of exposure to RF mdiatlon. This type of

injury has sometimes been referred to as "post-concussive

syndrome." Closed head injury may not show up In neurologic

examina tions such as CAT scans or EEGs because they are not

appropriate tests of the functions affected. But such head

injury is shown by clear-cut behavioral changes which include

reduced attention span, impaired complex information processing,

memory dis turbance, and personal 1 ty changes such as increased

emotional lability, irritability, anxiety, and depression.
The neural damage and su' sequent behavioral dysfunction in

such head injuries is considered to be due to a shear-strain

!
I

'Iii

!;i

1

;

I:

I

:

I
I

I •



SENSORY AND CARDIAC EFFECTS

I also did incidental experiments to extend several earlier

lines of research, in particular the sensory effects and cardiac

effects lines. The possibill ty of other sensory effects of the
energy was explored using several techniques. One was a shuttle

box avoidance experiment using a box I developed for lise in RF

type of injury. It has been hypothesized that acceleration

results in axonal tearing and neural degeneration in the brain

stem as well as stretching and tearing of fibers wi thin the

cortex. This interpretstion is supported by head injury

research which found mic roscopic lesions wi thi n whi te ilia tter and

in par ticular bra in stem s truc tures. Behavioral measures seem

to be the mos t send tive ind ica tors (76-78).

After publication of my 1968 paper giving further details

on the RF hearing phenomenon, Whi te (personal communica tion)

wrote to me suggesting that the hearing effect was due to

convers ion of the RF energy in to pressure waves via a thermo­

acoustic conversion mechanism, possibly in the cochlea. White,

a physicist, had done the original work on defining the thermo­

acoustic conversion phenomenon of electrolllagnetic energy in

material a few years earlier (79). It was immediately apparent

to me tha t, if such conversion was taking place in the bra!n,

damage could be caused tha t could accoun t for the numerous

repor ts of behavioral changes af ter long- term RF exposure such

~s reduced attention span, memory disturbance, irritability.

The reports of Olsen and Lin indicated the existence of the

requisite pressure waves in the brain (80,81). Spiegel et al.

(82) demonstrated mechanical motion in the brain as a conse­

quence of field exposure. These data provide a reason to

belIeve that pressure pulses occur in the brain.

It is Ironic that It is such a shear-straIn effect In the

brain that the engineers concerned loll th hazards were ImpIlei tly

assuming when they were trying to expla In away the RF hearlnr.

effect as not being an indication of hazard (83,84). They never

realized that shear-strain due to thermoncoustlc expansIon in

brain tissue would itself damage the brain (61). I would expect

that this effect would be noticeable particularly in those who

have had long-term exposure to modulated RF radiation.

fields (85,86). One side of the shuttle box was shielded from

exposure to the RF radiation. Each animal was placed in the box

separa tely and the box was exposed to the radia tion. I twas

found that the animals could detect and would avoid the pulse­

modulated RF energy. The avoidance behavior occurred in

response to exposure to power dens i ties less than 1 mW/cm2 • It

was found tha t varying the pulse modula tion did not signi ficant­

ly influence this behavior. Unmodulated energy appeared to have

little effect; the animals either did not perceive or did not

care about exposure to unmodulated energy.

The numerous other behavior.1l experiments I did as measures

of neural func tion are cited in va rious places in this chap ter.

In the late 1970' s and early 1980' s, behavioral experiments by

others were reported. These latter are well described in a

recent analytical review by Medici (87), and by her chapter in

this volume. She also offers useful guidance for behavioral

research with RF radia tion. Particularly notable among the

experiments she described are those of Thomas and his associ­

ates. In their most recent paper (88), they reported that the

central nervous system is affected by a combination of a

magnetostatic field and a 6Q-lIz magnetic field, as evidenced by

changes in operant behavior.

The heart research was extended with an experiment involv­

ing intact frogs (89). l1ecause of the low pulse repetition rate

used, the average power used was 3 microwa tts/ cm2 • The heart

ra te was modified in the group exposed to puls'~s synchronized

with the R wave of the [Cr.. The r,roup with exposure synchron­

Ized wIth the T wave and the sham exposed group were signifi­

cantly different from the R wave group. Others have carried the

heart research much further.

Lords et ale (90) exposed isola ted turtle hearts to RF

fields using OJ exposure. They found they could induce a brady­

cardia. They suggested the effect might be due to the stimula­

tion of the parasympathetic and sympathetic nerve remnants in

the turtle heart. In a follow-up experiment using an isolated

turtle heart with the same exposure arrangement, Tinney et al.

(91) found that over a narrow power range there was apparent

stimulation of sympathetic and parasympathetic nerve remnants

which could increase or decrease the heart rate, respectively.

Galvin et a1. (92) reported that RF radiation induced
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additional experimenta were

an electromagnetic field on

the conditioned emotional

by the dopamine hypothesis,

undertaken. The influence of

emotionality was explored using

response (CER) technique (102,103).

The CER has been used in drug tes ting as an an imal analog

of anxiety. The specific prediction was that a eER learned and

tested outside the field would be affected in an animal living

in a low-frequency field. The animals lived In 8 low-intensity

60-Hz field and were trained and tested outside of the field.

It was found that living in such a field significantly increased

emotionality as defined by the test. It was also found, as we

had observed in several other experimen ts, tha t some animals

were particularly sensitive to exposure to such fielda. This

finding is not particularly remarkable since individual hyper­

sensitivity reports are common in the pharmacological litera­

ture. -But such idiosyncrasies in sensitivity had not been

recognized in the RF radiation literature of the United Statea.

(It had been recognized in the Soviet Union.) The recognition

of it is important though, since, as I suggested, it has to be

considered in the da ta analysis of an RF radiation experiment.

It can lead to an erroneous conclusion of no effect when in fact

an effect is real, what is called in statistics 8 type II error.

The dopamine hypothesis also suggested that Internal timing

capability would be disturbed by exposure to RF radiation. To

test this, a Sidman avoidance experiment was car ded O'Jt using

exposure to 60-lIz fields. With the Sidman technt'lue, an animsl

must make sensitive use of timing behavior to minimize work,

but, in doing so, work enough to avoid an aversive stimulus. It

was found that there were significant effects on timing behavior

with animals living in a low-intensity low-frequency field. The

exposed animals incurred significantly more aversive stimulation

than those sham exposed. After this was es tablished, the

exposure conditions for the exposed and sham exposed groups were

reversed. There was no change in the pattern of Sidman behavior

for the first 24 hours, but after 48 hours the behaviors of the

two groups reversed (102).

Direct changes in dopamine were reported about that time by

Stith and Erwin (04). They found that tyrosine hydroxylase in

the hypothalamus and brain stem is significantly decreased by

BRAIN CHEMISTRY

alterations in the cardiac cell membrane. Schwartz et al. (93)

have shown RF fields with certain modulations will significantly

increase calcium efflux from the heart. Other experiments along
this line have also been reported (94-100).

My third Une of research in this decade involved brain

chemistry. In the early 1970' s, 1 hypothesized that the dopa­

mine systems of the brain could be influenced by exposure to iF
energy (l01). If this was the case, then certain behavioral

measures of neural function should reflect such an effect. 1

initially set up two experiments to test this hypothesis. One

used the intermittent tail pressure technique with rats, which

provided a measure considered to be one of irritability and

aggression. The other was s rotating rod experiment which would

indica te if there was influence on motor coordina tion through

the nigrostriatal tract or via a labyrinth effect.

In the aggression experiment, anilllllis were placed in a box

in pairs and intermittent pressure was applied to their tails.

This induced them to emit aggressive actions, behaviors that are

clear cut and which can be readily quantified. A clear-cut

"docility" effect was seen when the animals were exposed to

incident average power densities of 50 microwatts/cm 2 during the

procedure. The RF radiation exposed group took significantly

longer to begin aggressive behaVior, the number of episodes and

duration of the behaVior was significantly less, and it ended

significantly sooner than in the control group. This result was

consistent with what would be expected with an RF radiation

influence on the dopamine systems of the brain (101).

If there is such an effect on the dopamine sys tern, it would

also be expected that fine motor coordina tion would be influ­

enced by exposure to the energy. This was tes ted, as was a

possible labyrinthine effect as noted before, by placing animals

on a horizontal rotating rod. The rod speed was slowly increas­

ed until the animal fell off. The animal was exposed to pulse­

modula ted RF radia tion. Exposure power levels of less than

1 mIJlcm2 , average power density, were effective in disrupting

their balance capability (74,75).

In view of the ou tcome of the foregoing research sugges ted

I

I



804 FREY LOW-INTENSITY NONIONIZING RADIATION 805

Dopamine is synthesized

ac ts on tyros ine in a

exposure to low-intensity RF radiation.

frOAl tyrosine and tyrosine hydroxylase

rate-limiting enzyme step.

The dopamioe hypothesis also suggested snother experiment

tha t would involve an animal analog of a human clinica 1 state.

An isolated rat subjected to a steady light tail pressure emits

certain behaviors such as chewing, licking, and gnawing that are

s i tua tionally peculiar. These types of behaviors are referred

to as stereotypic behaviors and are considered to be analogs of

clinical states in humans involving dopamine system defects.

Experimentation was undertaken to determine if RF radiation

exposure would influence s tereotypic behaviors. I t was found

tha tIt did (l05, 106). Average power dens i ties on the order of

8 microwatts/cm2 were sufficient to modify stereotypic

behavior. In addition, interactions between pressures, certain

odors, and pulse repetition rates influenced the nature of the

effect. Certain odors, for example, heightened the RF effect.

Further, the responses to RF radiation in the exposed animals

were bimodally distributed. We had noted similar effects on

distribution in other experiments (I07). This again called

attention to the importance of individual differences in sensi-

tivities when low-intensity RF radiation is used. The bimodal

distribution finding has important implications. RF radiation

effects may well have appeared but heen overlooked in some

experiments, for commonly used statistical tests are not appro­

priate when data is distributed bimodally. llse of them in such

circumstances would mislead the experimenter into believine

there was no effect when, in f'lct, there was an effect of the

radia tion (a type I I error). Thus, several lines of evidence

indicated that dopamine and/or dopamine receptors were involveil

as a mer! ia tor in RF energy exposure ef fec ts.

By the time the above experiment was being done, the

advances in knowledge in pharmacology reported in the literature

provided a basis to expand the dopamine hypothesis to involve

the opiate systems of the brain. The literature by the late

1970's indicated that there is a complex interaction between the

dopamine and opia te sys tems. I t also sugges ted tha t the dopa­

mine system may be the final step through which opiate system

function is expressed. Thus, I extended the theorizing about RF

radiation and the dopamine sys tems 'to include certain inter­

actions with the opiate systems (107,108).

It was relatively straightforward for me to predict that RF

radia tion exposure would dis turb these in terac tions and to se t

up a simple experiment to test the hypothesis. I set up and

carried out a direct test of the predictions using a classic

test of opiate system function -- tail flick. In this test, the

animals' tails are exposed to an aversive stimulus. The measure

is the time it takes for them to fl ick the ir ta ils away from the

aversive stimulus (l06,109,1l0).

I hypothesized that apomorphine, a dopamine agonist, which

at low doses was reported to inhibi t presynaptic DA release by

stimulating presynaptic receptors, would increase tail-flick

latency, an effect similar to a high dose of morphine. Further,

it had been found that stimulation of postsynaptic DA receptors

wi th high doses of apomorphine an tagonized morphine effec ts,

thereby decreasing latency. I used high and low dose apomor­

phine groups with and without RF radiation exposure to assess

the interactions that could be predicted. The group getting

only a low dose of apomorphine had a significantly increased

flick latency. The group getting only a high dose of apomor­

phine had a significantly dec reased 13 tency. The comparable

groups that were, in addition, exposed to RF radiation showed

tha t such exposure blocked the effec ts of apomorphine on tail

flick latency. It was also found that exposure to RF radiation

alone decreases latency. This suggested the possibility of

increased presynaptic firing or direct stimulation of postsynap­

tic receptors. The results supported the dopamine-opiate system

hypothesis.

I did additional experiments with apomorphine, as well as

with librium, nalaxone, haloperidol, and morphine, with results

consistent with the hypothesis. For example, tn the morphine

experiments with RF radiation, tail flick latency was again used

as a measure (l09,111). It was found that a high dose of

morphine had a significant effect on flick latency but a low

dose did not. But when the low dose of morphine was given with

exposure to RF radiation, tail-flick latency increased signifi­

cantly. Thus, RF radiation exposure potentiated morphine anal­

gesia, an effect similar to classic DA inhibitors such as halo­

peridol. This ef fec t occurred wi th average Inciden t power

densities of 200 microwatts/cm2 •

The dopamine-op ia te sys tem hypo the s is sugges ted tha tone

way these effects could occur was through an alteration of

I
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dopamine (DA) receptor sites by changiQg protein conformation at

the neuronal ....brane. Binding of DA would be Inhlbl ted and

calcium me ta bollsll would be al tered. Frey and Vealer' s da ta

suggest the former is occurring and the latter is indicated by
the results of Blackman et al. (112) and Bawin and Adey (113).

Other iaves tiga tors pursued the line of study involving

braia chemistry. Lai et a1. (114) explored the effects of

apomorphine, d-amphe tamine, and morphine in animals exposed to

RF radiation. They found irradiation enhanced apomorphine

effects and attenuated amphetamine effects. Morphine effects

were also enhanced. Schrot et al. (115) extended previous work

wi th drugs using chlordiazepoxide, chlorpromazine, and diaze­

pam. They found tha t the la tter two drugs decreased response

rate with animals on aa operant conditioning schedule, whUe

chlordiazepoxide increased response rate. They found some

complex interactions between drugs and field, and suggested that

the field parameters may be an important variable in tbi! nature

of the effect obtained with various psychoactive drugs. In a

study by Ashani et al. (116), the combined effec ts of lo_inten­
sity RF radiation and anticholinesterase drugs were investigat­

ed. They found complex in terac tions and sugges ted tha t use of
such drugs would provide significant informa tion on the effec ts

of RF radiation. Nakas et a1. (117) and Jamakosmanovic et aI.

(lIS) considered the effect of repeated daUy exposure to RF

radiation on levels of acetylcholinesterase in the brain. They

found that chronic exposure to the radiAtion Induced significant

depression of the acetylcholinesterase activity in the brain.

They also found other effects which led them to suggest that the
central nervous system is very sensitive to low-intensity RF

radiation. In two other studies, Lai et a1. (119,120) report RF
radiation potentiated an effect of apomorphine and attenuated an

effect of ethanol and also amphetamine. They also found that

pulsed, bu t no t con tinuous, radia tion decreased hippocampal

choline up take, a measure of cholinergic nerve ac tivi ty. This

effect was blocked by the opiate antagonist naloxone as would be

expec ted by the dopamine-opia te hypothes is. Miller et a1.

(121), using 60-Hz magnetic fields, found that exposure to the

fields attenuated the behavioral response of mice to morphine.
One interesting implication of the dopamine-opiate

hypothesis is that RF radiation could affect the hypothalamic

BLOOD BARRIERS

set point for body temperature regulation. As I have pointed

out before (107), the mechant ... that sets the body'. tellperature

is loca ted In the hypo thalamus. Dopallline is believed to play an

important role In the adjusblent of this mechanism (122). One

can, of course, dump enough energy in to a mammal to raise its

temperature directly. But it seems likely that at low-intensity

exposures an effect of the RF radia tion on tbi! hypothalamic set

point via the dopamine system could result in a temperature

shift. This is an ironic twist in view of the hazards estab­

lishment's efforts to press all findings of radiation effects

into the "due to thermal ef fee ts" mold. I t may be the other way

around, with some of the "thermal effects" a result of an effect

in the brain.

807LOW-INTENSITY NONIONIZING RADIATION

The remaining line of investigation that I pursued in.y

quest for an understanding of the mediators or mechanlsll8 of RF

radiation effects involved the blood barriers of the body, i.e.,

blood-brain barrier, blood-vitreous-humor barrier, and placental

barrier.
The initial experimentation in this line of research was

wi th the blood-brain barrier, which separates the brain and

cerebral spinsl fluid of the central nervous system from the

blood. The locus of the barrier is considered to be at the

Interface between them, I.e., in the choroid plexus, the blood

vessels of the brain and subarachnoid space, and the arachnoid

membrane. The ~,arrler consi!lts of cells connected with tight

Junctions In an essentially continuous layer that regulates
intercellular diffusion. Solutes that are lipid soluble readily

penetrate the barrier. But lipid insoluble substances or

proteins encounter a set of regulatory interfaces between the

blood and the nervous system that control their transport.

Several fluorescent dyes bind to serum protein when inject­

ed in to the blood stream. These have been used to study the

ns ture of these regula tory in tel' faces and have been found to be

qui te useful. I used one of these, sodium fluorescein, to

explore the effects of exposure of the animal to RF radiation.

The procedure was to irradiate the anilD8ls with RF energy,

inject them intravenously with the dye, and then several minutes
later, exsanguinate, perfuse, section, and measure the

FREY806
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fluorescence of the brain sections under ultraviole t light. It

was found that there was penetration of the barrier as indicated

by this cIasalc technique in response to exposure to RF radia­

tion. Fluorescence was seen in the diencephalon level of the

brain as well as, to sOlie extent, in the mes- and metencepha­

lon. The differences in brain fluorescence between the sham­

exposed and the exposed anh18ls was s ta tis tically s igo if ican t.

Oscar and Hawkins (123) extended the work by exposing rats

to RF radiation to asses. the uptake of several radioactive

neutral polar substances in the brain. Barrier permeability

increases were observed for mannitol and inulin but not for high

molecular weight dextran. The apparent permeabili ty change,

which was reversi ble, was grea tes t in the medu lla, followed, in

decreasing order, by the cerebellum and hypothalamus. It was

also found tha t RF radia tion of the same average power, bu t wi th

different pulse characteristics, produced different uptake
levels.

Albert (124) exposed Chinese hams ters to RF red ia tion and

injected them wi th various electron dense tracers. Specimens

were then prepared for light and elec tron microscopic examina­

tion. The exposed and sham-exposed groups differed in tha t

exposed anlals showed tracer penetration of the barrier in the

cerebral and cerebellar cortices, medulla, thalamus. and ~po­

thalamus.

Merritt et a1. (125) reported doing a replication of the

first two studies and stated "No transfer of parenterally admin­

istered fluorescein across the BBB of rats after )0 minutes of

1.2 GlIz radiation at power densities from 2-75 mIJ/cm 2 was

noted." But a statistical analysis of the data presented in

their paper by aeveral acientists showed that, in fact. their

data supported the opposite conclusion snd prOVided a confirma­

tion of the findings of Frey et sl. (126). They may also

confirm Oscar and Hawkins, but sufficient data were not provided

in their published paper to allow an appropriate statistical
analysis.

Preston et a1. (127) reported on the permeability of the

barrier to manni tol under RF radia tion. TtIl!Y reported tha t they

did not confirm Oscar et a1. 's work. But they made 8 type II

statistical error in their data analysis. Using binomial tests

to correct for this, Frey (126) found that their data revealed

... -:---~ -" • ..s _-l-

significant RF radiation effects that were consistent with Oscar

et al.'a results.
Thus, Merritt et al. and Preston et al. did, in fact, find

a RF radiation effect in the brain. \.Ihat appeared at first to

be conflicting and controversial data actually are Quite consis­

tent and indicate that something involving the blood-brain

barrier occurs in the brain subjected to low-intensity RF radia­

tion. Other blood-brain barrier experiments of varying quality

have been reported (128-135). In an interesting one, Quock

et a1. (136) found that RF radiation exposure facilitated a

qua ternary ammonium der iva tive antagonism of piloca rpine and

oxotremorine. They suggest this may be due to an enhanced

passage through the barrier. In another interesting study,

Lange et a1. (137) found that RF radiation facilitated depletion

of bra in ca techo lamines by drugs otherwise res tr ie ted to

peripheral effects. But the DoD terminated funding for such

research, so the na ture and extent of such effee ts have not been

de termined (l).

But before the funding was terminated, I extended the work

to other blood barriers. The eye was the first, since it is

derived from the neuroec toderm, as is the brain. I t has blood

barriers much like the blood-brain barrier, I.e., the blood­

aqueous barrier and the blood-vitreous barrier. The blood­

vitreous barrier is important inasmuch as it regulates the

composition of the vitreous humor and is involved in controlling

the ionic and I~etabolic environment of the retina.

In a blood-vitreous barrier experirnent, the animals were

exposed to average incident power densities of 75 microwatts/cm2

fo r 25 minu tes then injec ted wi th sod ium fluores cei n. There

were several variants of this basic procedure used. A small but

significant increase in vitreous humor fluorescence occurrerl

with the animals exposed to RF energy (138,139).

The analysis of Neelakantaswamy and Ramakrishnan (140,141)

could be extended from the lens to provide an explanation for

this finding. Their work indicated that RF radiation could

induce bending moments and stresses in the tissue that could

upse t phys iochemical processes in the eye. This might also

provide an explanation for the finding that RF radiation

apparently causes cataracts in humans (142).

The writer's work on barriers was extended to placental
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barriers with exposure of rats.!!~ to 6o-Hz fields. But it

was not possible to cOllplete this line of work and the question

of per.eabUi ty changes in the placental barrier was unresolved

until recently. Vodicnik et al. (143) exposed pregnant mice to

RF radiation in a single dose. They found a significsnt change

in fe tal drug up take as well as placen tal uptake. The effec t

for mannitol and glucose occurred only if the RF exposure occur­

red prior to the administration of the drug~ Other experiments

involving prenatal exposure to RF radiation have now shown

effects on vsrious measures in the newborn (144-146).

EFFECTS ON THE BRAIN

There are a variety of other experiments that indicate an

influence of low-intensi ty RF radiation on the brain. Sanders

and his associates have studied the effects of RF radiation on

the energy metabolism of the brain. They found that exposure to
the energy modified the ATP levels in the brain. They also

found that CP-kinase, a divalent metallo-enzyme, was susceptible

to interaction, and concluded that there was a resonant energy

inhibition of CP-kinase (147,148). They have also explored the

effect of a field on ninicotinamide adenine dinucleotide (NADH),

adenosine triphosphate (ATP), and creatine phosphate (CP) in the

brain. They found changes in NADH levels and ATP and CP concen­

trations. They believed the results suggested that RF radiation

inhibited electron transport chain function in brain mitochon­

dria and caused a decreased energy level In the braIn (149).

\.I11son et a1. (150), In a series of studies, have shown changes
in the energy metabolism of the braIn usIng (14C!-2-deolCy-D­

elucose.
McKee et al. (151) found morphological changes In the

central nervous sys tem, par ticularly in the hippocampal, hypo­
thalamic, and cortical regions of the braIn. Albert et al.
(152) also reported morphological change in the brain as a

consequence of exposure to RF radiation.
In other work bearing on the central nervous system,

Sheridan et a1. (153) reported lipid chain disorder induced by

low-intensity RF radiation. Stevens (154) concluded that the

rate at which brain proteIn makes the transition from one

con forma tional state to another depends on the par ticular

relationship between the membrane potential and the equivalent
dipole moment change of the protein.

Barnes and Hu (30) offered a useful model for RF radiation
effec t8 OIl bio logical membranes. They iOO ica ted tha t shtf ts in

ion concentrations across the membrane and the orientation of

the long-chain molecules are possible. Others, such as Schwartz

(155), Lee (29), and Frohlich (156) offered mechanisms that

might be implicated in RF effects in the brain. Liboff (32) and

McLeod and Liboff (157) offered a particularly noteworthy

conceptualization involving cyclotron resonance as an explana­

tion of calcium efflux effects of RF radiation. A prediction

from it involving li thium ions was recently supported by the

resul ts of a behavioral experiment by Thomas et al. (88).

Wachtel (158) and Uachtel et a1. (159) reported experiments

which indicate minimum RF threshold energy pulse widths for
evoking fast neuronal effects as well as RF induced hypokin­

esis. Bearing on this is the report of Brown and Larsen (160).

They used change in res ting birefringence of crab nerves, which

coincides with propagation of the action potential, as a measure
of nerve response to RF radia tion. They found tha t pulsed

radiation influenced birefringence.

In another study, McRee, working with \.Iachtel, reported RF
radiation effects on nerve vitality. They indicated that long­
term regulatory processes were involved (161,162). Wachtel and

his associates also offered a mathematical model for the selec­

tlon of RF pulse parameters. They have done other modeling and

suggest an influence on electrogenic pumps In nerve. (41-41).

Another Hne of Inves tlgatlon with the central nervous

system whIch has heen fruItful has been concerned with calciUlll

efflux. This line stems from the behavioral elCperLments with

nonionizIng radiatIon that 11edicl began in 1966 while she was at

UCLA (163). She examined the effect of low-frequency fields

using inter-response time schedules of reinforcement with
monkeys. Her studies showed that the animals' behavior was

significantly modified by the fields. She also showed that the
animals were particularly sensitive to frequencies that were in

the EEG range of the animals, that is 7 liz, as contrasted with
45 Hz and 75 liz. A change in the spec trum of the EEG was found

when the animals were exposed to RF radiation.
Because of these results, Kaczmarek, a neurochemist at

UCLA, was asked to consider other ways to measure brain response

to the fields. He ini tia ted experiments in which calcium efflux

was measured following elCposure to RF fields (164). A series of

,..
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experiments followed from this that have provided useful

information about the effects of RF radiation on the brain.

At first, Bawin and her associates (113,165) carried

forward the work wi th calcium efflux. They found that isola ted

brain tissue responds to exposure to an RF field of a narrow

frequency band and a narrow amplitude window. Skeletal muscles

did not respond to the radiation in a simllar fashion. Lin and

Adey (166) extended the work to synaptosomes and concluded that

their data indicated that whole cells or organized tissue are

not required for the effect to occur.

In a series of studies Blackman and his associates verified

and extended the findings of Bawin and her associates 012,
167-176). They also found frequency windows and power densi ty

windows in which calcium efflux was enhanced by exposure to

modulated RF radiation. They also found that they could shift

carrier frequencies and get effects. In another experiment they

found that the enhanced calcium efflux phenomenon was more

dependen t on the elec tric field in tens i ty in the bra in than on

the power density of the incident radiation. They hypothesized

that brain tissue is electrically nonlinear at specific field

densities, and that this nonlinearity demodulates the carrier

and releases a particular modulated signal within the tissue.

They sugges ted tha t the signal is selec ti vel y coupled to the

calcium ions by some mechanism, perhaps a dipolar type (~laxwell­

lJagner) relaxation which enhances the efflux of calcium Ions.

Tenforde (l17) has suggested that the fleld interaction involv­

ing calcium may involve a resonance or cooperative energy

transfer mechanism.

IMMUNE SYS TEM

There has been scattered work concerning RF radiation and

the immune system. Some of it has used radiation that I would

not expect to influence the immune system; other work has used

more appropriate, though not optimal, frequencies and has

revealed effects that are of consequence. Schlagel and Wiktor­

Jedrzejczak (178) and Wiktor-Jedrzejczak et a1. (179) studied

complemen t recep tor pos i tive cells and exposure to RF radia­

tion. They found an increase in complementary posi tive spleen

cells in mice. They concluded that the response was not due to
alterations of lymphocyte recirculation patterns, but rather was

media ted by a soluble, humoral fac tor produced by cells wi thin

the spleen which induced an increase in complement receptor

positive B cells. In a later study, Schlagel et a1. (l80)

concluded tha t complemen t recep tor pos i tive cell response was

not regulated by the T-cell population. They suggested that the

data indica te tha t the RF radia tion induced change in the popu­

lation of cells with specific cell surface receptors. Further,

they sugges ted tha t susceptibil i ty to these changes was under

genetic control; that endotoxin, corticosteroids, and regulatory

T cells do not playa significant role in the mechanism regulat­

ing the increases that they found. Liddle et a1. (lsI) explored

the effect of RF radiation on the circulating antibody response

of mice. They immunized the mice and then exposed them to the

pulse-modulated RF radiation. The 1082 hemagglutination titers

among the RF-exposed mice were significantly higher than among

those sham irradiated. They concluded that the increase In

circula tory an tibody response provided some pro tee tion to the

mice. Schlagel and Yaffe (182) and Schlagel and Ahmed (I83)

report tha t the trans i tory increase In complemen t recep tor bear­

ing lymphocytes induced by a single exposure to RF radiation is

under genetic control. In the report of their study with sever­

al strains of micp-. they concluded that the essential regulatory

r,ene was to the rlp,ht of the Pgm-l locus and to the left of the

rd locus on chromosome 'i. RamaRao et a1. (lfl4) reported that

exposure of hamsters to RF energy resulted ln vlricidal activa­

tion of peritoneal macrophages and extended survival of hamsters

injected with a lethal dose of vesicular stolOatltis v1rus. They

also reported h1ghly significant increases in plaque production,

measured using the hemolytic plaque assay, when '111imals were

injected with sheep red blood cells.

In sum, the immune sys tern da ta suggests a responsiveness to

RF radia tion. Bu t the Inves tiga tors have used rad ia tion of

marginal frequency and modulation for inducing such effects.

The optimal RF parameters for exploring such effects have not

been used.
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DNA

There are some suggestions that DNA may be influenced by RF

radiation. Swicord and Davis (18S). using an optical heterodyne

technique. found tha t the DNA of !. ~ in aqueous solution
absorbed RF radiation. Edwards et al. (186) carried out similar

studies using dielectrometrlc methods. They report significant­

ly increased absorption of RF radiation by a DNA solution

rela the to the solven t. They also stated tha t the da ta

suggested a chain length dependence of the absorption. Liboff

and Homer (187) studied the uptake of 3H- thyll.Ldlne in cell

culture as a function of sinusoidal magnetic field intensity.

Their da ta led them to infer tha t DNA synthesis in the exposed

cells was s.Lgn:f.fican tly grea ter than in unexposed cells. The

ef feet occurred wi th a wide range of modula tlon frequencies and
was maximum during the mid-S phase of the cell cycle.

Kohli and VanZandt (188) calculated what the absorption of

RF radiation would be by a DNA molecule. They presented curves

of expected absorption va frequency for various damping paramet­

ers and reflection conditions. In a somewhat simnar approach.
VanZandt et al. (189) calcula ted absorption of DNA double hel1x

in aqueous solu tion '\nd compared the theore tical resul ts wi th

experimental data. They report that the calculated absorption

values agreed strikingly with experimental values for the rela­

tive absorption of water and DNA solution. Edwards et a1.

(186), concluded that their studies, noted above, partially
suppor ted the theore tical work of KahIl, Prohof sky, and
VanZandt.

CONCLUSIONS

What has been done in most of the biological research with
RF radia tion In the Uni ted States has been de tertnined by the

thermoregulatory mindset of those involved in the research.
That research has not been considered to any extent in this

review since it contributes little to our knowledge and under­

standing of the biological effects of lOW-intensity electromag­
ne tic fields.

As I stated in 1971 (2), the question is not whether there

is a mediator or mechanism for" biological effects of low

in tens! ty RF radia tion. Ra ther. the ques tion is how many are

there and how are tbey related. There are some answers to these

questions. but a discussion of them is beyond the scope of this

chapter.
It is clear that there are a diversity of biological

effects of RF radiation, effects such as those on neuropep­

tides. Understanding the nature of these various effects can

lead to s igni ftcant advances in biology. Neuropeptides, for

example. have been shown to have behavioral and neuroendocrine

effec ts. Da ts indica ti ng tha t they exer t effec ts on imPlune
system function is accumulating. These ligands and their recep­

tors are abundantly distributed in areas of the brain that
mediate emotion and higher cognitive functions. Thus, as Ruff

et a1. (190). writing about other matters. put it. " ••• it aee••

plausible tha t the same neurohUllOral media tors of various \lIOod

states in brain may also communicate to monocytea and other

cells involved in healing and homeosta tic processea. Short

signal pep tides (neuropeptides) and their surface receptors

define a group of cells whose function may be to integrate

information from the central nervous. immune. and endocrine

sys tems through a psychoimmunoendocrine ne twork. thereby al ter­

ing the behavior of the whole organism." Angeletti and Hlckey
(191) also see such linkages. And it is in this direction that

the low-intensity RF radiation bJoeffects data is taking us.

As another example, consider memory and RF radiation.

Recent findings tn pharmacology have led to the hypothesis (192)

that one mechanism of memory tnvo1ves "Brief burs ts of high

frequency activity (that) cause a trans lent elevatlon of calcium

in spint'!s that activates a membrane-associated eslpain. This

enzyme then breaks up a localized portion of the fodrin network.
produc ing s truc tural and chemical changes in the reg ion of the

postsynaptic membrane. As a result, previously occluded gluta­

mate receptors are exposed. thereby increasing the size of the

postsynaptic response to the released transmi tter. More
prolonged or repe tt ti ve burs ts of ac tlvi ty can be expected to

produce a larger calcium disturbance and more widespread activa­

tion of the calcium-dependent proteinase, events that we propose

will produce alterations in the ultrastructure of the dendritic
spine. " The implica tions of RF radia tion exposure wi th such a

memory mechanism are significant.
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Frey, A.H.: A transition from an electrode to coaxial
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Frey, A.H.: Audi tory system response to radio frequency

energy, Aerospace lIed. 32:1140-1142, 1961.

Frey, A.H., Fraser, A., Siefert, E. and Brish, T.: A

coaxial pa thway for recording from the ca t brain stem

during 11lumina tion with UHF energy, Physio!. Rehav.

):363-364, 1968.

to modula ted
17 : 689-692,

A.H.: Electromagnetic emission at
from ac tive nerves, Biophys. J.

Frey, A. H. : Human aud i tory sys tem response
electromagnetic energy, J. Appl. Physiol.

1962.

Fraser, A. and Frey,
micron wavelengths
8:731-734, 1968.

(8)

(7)

(6)

(10)

(9)

( 5)Appropriate research with low-intensity RF radiation, and I
include ~8n.tlc fields, wlll likely lead to substantial advanc­

es in knowledge of blolog1c:al processes. But tha t research will

not be done in the United States in the foreseeable future. The
1Il0re interesting and IIJ()re slplficant research with electromag­

netic fields will be and is now being done in other countries.

An analytical review of that work, though, is beyond the scope

of this chapter.

As I noted earlier, the significant research, that which

does not use high intensities and is not thermoregulatory
oriented, bE:gan to be tapered off about 1980. Though such

research received only a very small frac tion of the huge amount
that has been spent (several hundred mUlions of dollars) on RF

bioeffects research since 1970, it has been largely squeezed out

for reasons unrelated to science. These reasons can be found In

a recent book by a historian of science who has made a study of
this field of research (I).

But this will only hinder and delay science, for the

significant research wi th electromagnetic fields will continue

to move forward in other countries. And this will contribute to
the broad revolution in biology that is now taking place.
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PROTECTION GUIDES FOR RF RADIATIONS:

RECENT DEVELOPMENTS IN THE U.S.A.

Don Jus tellen

M... di<:al Rc~carch L.lborfttorles (1511
USVA ~ "0 i 1',11 r. "ntt'r
Kansas C Ity, Missouri 64128 U.S.A.

INTRa Dt: CTION

The hbtory of U.S. standards for controlling human exposure to r"dlo­
frequency electromagnetic (RFI fields Is largely an account of efforts by
Com 111 ittC'(? C35.1 and Subcommittee C95-IV of the American National Standards
Instltute (ANSI). Other agencies and institutions have been involved in
standard -settIng. but the ANSI efforts have left an indelible imprInt on all such
actl\'lties (see, e.g, Report 86 1 of the Nntional Council on Radiation Protection
and Measurements, and the review' by Elder and Cahill\.

To be useful. a protective standard lIlust appeal to and reflect reliance on a
body of bIophysical ..tatiJ. Tn the A~S( triJdition. the harvesters and interpreters
of the RF data are the voluntary lIlembt!rs of ANSI Subcommittee C95-(V. Actually,
there hiJve been several Subcommittees IV, the l1lembers of which have been dr'lwn
frolll disciplines that range from physics through the life and medical sciences.
The products of subcommlttet! deliberation have eventuated In fOfllilL albeit
"volunt,ll'y," stllndards alt",r approval by thl' parent. C95 comllittcf!.

THE P;ST ,,:-;0 TP.E PRESE:-r

Two dbUnct ep"c~ls c.'laracrel·ize ~NSI's RF stiJndards. Before 1982. heavy
elft,:,hJSIS ... as oJiiced on thprmophyslolol;'IC<ll dnta dlld the <.:orollnry. " !'rHlrT

assumptlon th.1t th'!!'I!l<ll insult--excessive elev.:Ition ot hody tempenltures--Is the
prlnclpal hazard lI1cllmhent with oVl'rt!xposure to RF rndlations, Also. llmits \lll

exposure ",pre couclled solely in terms uf field stn~ngth ur power density of
InCldpnt rnllJatlon5. With prollulgation of A:"~r Standard r.95,l-1g~2:, the
postuLltlon of 1J.J7."f'1S IIJHJr.-rwent ,1 si~nificant chilng". A [Josrcr~,:)l'i in ch"r,1c:(pr.
hazardous pxposllrp '" ,15 redefinel1 by outl:ome- -[)y the pxpel'lmental demollstr"Uon
of ill ('!fens 111 >nur·:tnry ,lnlma1s. .\ rherl:l::ll mt'chal1lsm 'Ii ;m"lit 1:; :lOt t!X
duaea u\' 'he lCit::: ,r.lllll ~rd. 'JUt :t 1S not .lssllmt!<i. ':JIII'lln"d with .1n emp1l"lL;"\1
pnl1..isopr.y l)f :n~LJlt :~ ~l'.e ,\(]OptH10 uf ,tosir.tetT~· ~~:nJt~ nil l'~:nnS\lr(J .1It~ I'ouell'"

~d. ,IS IH~tf)rp ~n ~1)r~S IJ( riL:lJ :itrcns;U' ,11HI p0'4pr 't'''O~lty. but both me,\surps ,1r~

grOl1nl1~"lu In ,tf):"\lrl,·fr·:: 'F.nvr;;y ,lOSt, ,lno .jo~r :::11C is ~dbt-'l:t~d. rl'~:~)f'Ctl\·("~Y.

'ipt'c,::'ic ~lJsorllrj.)I: ~:,\. :n .., :. unlts "f J 'kaJ .1nd .C:pl'rJf:·c .·lbSOl"PCl"/I R :CC' IS:'F..
In "'.:. 'lOlls of ';j ·K,;). ,11 ~rl!~cntllllg ,1oslmetnc:lil,. !;,1Sea limits 'In .,X\.lCJsurr'.
A:"SI in,lu\~1)I'<ltr" ,1 f;'('ljllt!ncy -,1cpcnocnt st<llld,1rd. wn:ch forcl'c1 rf'cn~nltlon of
dat.l on "'/lole -\J'JllV re~On,1nCp. frum tl:e P1<.lIlt::tlrlllg 'fl',11t'~. 1nd1)·tl~:l.1 <llld
elq"lcnmpnto", Jf Prr-f. (Jm firllH.ibl .lnd ..:ollca(:ul's ,It. 7_11l: ~:11\"p.rslt',. ,f :;to.!,.
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